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S Abstract Ployment of SBLs woulg add an independent de
= ensive tier ang a robust, Continuoys Worldwide
= § 3 The Srrategic Defense Initiative Organization early boost Phase ballistic Missile kiy Capability,
gj;:_, oS m (SD as Made Significa rogress in develop- € current S Program g Planneg through 3
=z S ?:3: z o ing padce~Base: ghemt;calSLBa’:ser (?Bbi.),teci;moio- Space demonstration of SBL technology.
HoBE M gies and in gy, ying t 's global de ense
ShEE r<3¢,>> Capability. Inthis Mission, aconstellation of severa| An SDIO/TND Workshop on “Directeq Energy
f;:’ oy SZ = orbiting jaser Platforms Provides Continuoys global Systems for Globg) Defenge* was Conducted in
e mo O defense byinterceptingthreateningmissiies intheir April ang briefed to the Architectyre Integration
o ZZ2 S stphase,inciuding shortrange ballistic Missiles ~ Study (AIS) on June 2g 1991, by Cof. L. Larson,
o= mx f (SRBMs). An optiona) Smaller Constellation pro he Workshop concludeq that Space~Based La-
=585 3 vides defenge against layncheg from the ow and Sers have the broadest Potentia| applicability of an
~S 2 :‘f Mid-latitude regions. In aqq; ion, SBLg have ytijit di
N “ rm H
g

lance, air defense and discrimin

ation. The harg-
ware Necessary to build sych a system hag been

Is the only Candidate with Pability in gy Mission
evelopedto the poi Where itis Mature ang read areas IS paper wij Present the analyses ang
for demonstration in space, Advances have begn program accomphshments whichled o this conely
Made in each of the foiiowing Major areas of th sion,
laser device: optics/beam control; beam
Pointing; ATp (acquisition, trackin and Pointing); LASlﬂteazs
uncooled optics; ang laser lethalit tegration of
ekey laser and beam Control tech ogies is now A set of Limiteg Attack Scenario (LAS) threats
Occurring in the groung ased AL | eXperiment, and S been Created 1o give this Study a set of hy,
a space eémonstration experiment, Star LITE, isin theticaj Mmissil launches jn the Post-cold-war era
the pianmng nd concept dey. lopment Phase @ study useq Portions of the document “Global
Protection Against Limiteg Strikes ( GPALS) Threat
lﬂlmduqm Scenario €Scriptions 91 1", dated y ne 28, 1991
to extract jtg SCenarios, T, € post-2000 threat from
The Collapse of the Soviet Union hag dimin- this Cument wag adapted a5 the baseline threat
ished the threat of 5 Nilatera| and massiye first for thig Study, revisedq threat document
Strike againstthe »but the resulting turmeoijj and GPALS91 -2was reieasedsubsequent tothis study.
Ncertainties in the varioys republics have increaseq Future weo i

K will xtract threats from thig docu-
he risk of a limiteq, accidental o Unauthorizeq Mment.)

Problem of the Spread of Missile tech

World countrieg along with the technoiogy to builg latitudes of 25 -85 degrees. F;

lgure 3 showsg the

Warheads for distribution of launch latitudes for the post-2000

these weapons. threat, should pe Noted that th Mmajority of
SCenaripg and in Particular the theater SCenarios,

SDIOis pur: Uing a wide range of technoiogies occur at latityq S

to protect the Uniteq at
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Figure 1 Space-Based Laser Platform Concept
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Figure 2 Directed Energy in Global and Tactical Defense Capability
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options were analyzed: 1) worldwide Coverage, ing into much higher latitudes -

and 2) mid-latitude Coverage option. Figure 4 :

shows the trade between number of platforms ang Eem[mame of SBI QQnsieuaIiQn

Mmaximum range, which js influenced by platform

brightness ang geometric factors such as constel- The average kill rates for an SBL platform

lation altitude and the eanth's curvature, against the threat missiles vary according to their

. . . respective lethality requirements and average tar-

The worldwide cover age option, the baseling, get irradiances for the Scenarios in which they are

has platforms distributed in orbital rings at an ap- used. The kill rate for Scud-class Missiles is quite

proximate altitude of 1500 km and a high orbital in. highdue to the comparatively low radiant exposure

vary, and are directly dependent uponthe engage- (former) Soviet arsenals.
ment range from the platform to the target.

The eéngagement rfange directly affects the

The mid-atitude coverage option, the atter- iradiance delivered on the farget. Shorter engage-
nate, has fewer Platforms in orbital rings at a lower ment ranges, which occur when the SBLis directly
altitude and lower orbital inCllnatlon. This constel- above the target' produce the hlghest jrradjance
lation is effective against launches within the Iafi. levels on the target, ang thys the highest kill rates.

lude zone +/- 55 degrees, which contains all of the The lowest irradiance leves occur when the target

ments such as Brilliant Pebbles (BP) or Ground The performance of the baseline consteliation
Based Interceptors (GBI) would be responsible for against the POSt-2000 threat, Summarized in Fig-
high latitude and over-the-pole missile launches, ure 7, is excellent. The piotteqd results are for boost
Phase kills for 3 stand alone SB|_ system. Addin
The baseline SL_ Constellation provides com. midcourse SBL kills and/or other defensive tiers i
plete global Coverage as shown in Figure 5. Al furtheradd to the robustness of the SBL tier.*Gioba FOR

areas have at least single coverage, with most and National Defense the figure shows that for g
aréas having between 2 and 4 beams inthe battle Scenario six the SBL constellation can achieve
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Figure 4 SBL Constellation Parameters

its goal of defeating all missiles from all threats for threat is outstanding. Assuming jaunch windows
at least 90% of war start times (constellation/target as low as 30 to 150 seconds allows the SBL to
orientations). The Theater Defense threat scenar- negate the entire TMD threat.

ios are characterized by simultaneous launches of

short range missiles. These cases posed the most A potential counter-measure to a missile de-
serious challenge to the SBL's performance, be- fense system is to depress the ‘apogee of the
cause of the reduced average boost phase battle missiles below the edge of the sensible atmos-
time available for each missile. Tomore thoroughly phere. The feasibility of depressingthe trajectories
characterize the capabilities of the SBL constella- of the threat missiles was investigated by computer
tion, several launch windows were added to the analysis. Eight missile types were evaluated, in-
threats. These windows, from 30 sec to 150 sec cludingboth theater missiles and strategic missiles.
duration, is the time from launch of the first missile Figure 8 contains a summary of the range capabili-
inthe salvoto launchofthefinal missile inthe saivo. ties for these missiles.

This situation may also be more realisticthanthe si-

multaneous launch scenario because of the diffi- The nominal trajectory and performance for
culty in coordinatinga simultaneous saivo. Asseen these missiles was provided with the threat docu-
in Figure 7, the SBL performance against the TMD ment. The first step in the analysis was to deter-

mine the aerodynamic drag coefficients by match-

Mid-latitude Coverage §\s
Smaller Constellation B

. ] \v\.};“' [
Coverage ooy “ﬁ

% None

Single

- Quadruple

Figure 5 SBL Constellation Coverage
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Figure ¢ Irradiance on Target

ing the Provided trajectorieg. Once the drag coef-
ficients were found, the depresseq trajectorieg werg

The booster burnoyt altitude is shownin Figure
9for the six Mmissile types whose depressed trajec-
tory ranges are shown in Figure g The burnout
altitudes are not signiticantiy Changed by depress.
ing the apogees;they are allabove the atmospheric
absorbance Z0ne for HE lasers which Starts at
about 15 km, Therefore, depressing the trajectory
of these Mmissiles in no way detracts fromthe Sg|_ 's
ability to intercept them in the St phase. Figure
9 also shows that the baseline HF laser beam is
absorbeq by atmospheric water vapor in the 5-1¢
km region, thyg Posing no thre gt to ground targets.

ther i

The SBL Constellation ¢an perform Severa|
other missions in addition to the baseline BMD

mission, These ancillary Mmissions include ajr de-
fense, surveiiiance, and discrimination, and are
shown in Figure 10,

] - The SBL Constellation can engage
and destroy both Strategic ang tactical aircraft. The
L can engage Strategic bombers and cruise

enemy'’s tota air force.

] - Because of its large, high qQuality
telescope, the SBL. platform g Capable of resolving
distant objects with extraordinary fésolution. Thig
Capability can be used for ground and Space suyr-
veillance ang/or imaging. | Property Cued, itcanbe
Used for detection of missile launches and subse-
Quent in-flight tracking. Kij assessment of missiles
engaged by the s
Possible with the large teiescope.

iscrimination - Potentiaily the most important use
of the SBL'g optical Capability is the discrimination
of objects in the mid-course Phase of thejr trajec-
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Figure 8 Depressed Trajectories for Threat Missiles




Booster Byrp Out
for Depressey
Trajectories

S8 Transmissor
{Zenth Angle = g

\ Upper Edge of

Sensibie Atmosphere

Target Altitude, km

LT
1”7 R s g

Missils

Figure 9 Depressed Trajectory Burn-out

Discrimlnation
Active Vijs @ 2500 km, (6m Primary)
BALLOON (2qy)

XL RATE jpeg MINUTE}

RANGE (K

x
" .
Surveillance
P
3 . 2 Paggiyg
3
S
a
g’ p—— 8 Passivn
-
) s M Active
]
yL ax ' wt. wit a m Active

RANGE (xm.

Figure 10 Additional SBI_ Missions




LODE (1987)

Figure 11 Key SBL Programs

tory, including balloons, RVs, and buses. The high
quality focal plane sensor arrays, when used in
conjunction with the large high quality beam ex-
pander mirror, have the acuity required to distin-
guish between objects of different shapes and
sizes from thousands of kilometers away. This
acuity is enhancedifthe SBL illuminates the objects
with its low power visible illumination laser. in the
case of replica decoys, the SBL platform canirradi-
ate all RV-like objects with its high energy beam
and discriminate the real RVs fromdecoys by either
observing its resulting velocity change or rise in
temperature.

SBL Technology is Mature

The major building blocks for an SBL have all
been demonstrated within the last 5 years. Each
did so with space compatible designs and hard-
ware that is traceable and scalable to operational
requirements. These programs (Alpha, LAMP,
LODE) are shown in Figure 11, along with the
overall program flow. Generation of megawatt
class beam power was repeatedly demonstrated
by the Alpha chemical laser in 1990 and 1991.
Demonstration of a4 m primary mirrorwas accom-
plished by the LAMP mirror program. LAMP met or
exceeded all program requirements including
wavefront quality. Overall beam sensing and
control techniques were demonstrated on the
LODE programin 1987, which addressed correcta-

bility of wavefront error and jitter in the beam ex-
pander and optical train. All three major experi-
ments will be integrated in a high energy laser
experiment called ALl (Alpha-LAMP integration)in
1995, which will demonstrate the integrated beam
generation, control and expansion required for the
operational SBL.

Each of these areas appear in the baseline
platform concept design, shown in Figure 12. This
design is based on over a decade of research,
development and testing of the key hardware sys-
tems. Some of the important considerations forthe
platform baseline were: 1) Use of high technical
maturity, low risk components, 2) Fit within the
envelope of existing or planned launch vehicles,
and 3) Have on-orbit servicing and resupply capa-
bility. The maturity of the key areas will now be
explored in more detail.

Laser Device: The baseline SBL laser device
concept uses ALPHA- validated technology to
produce HF fundamental laser radiation at around
2.7 microns. This technology is the most advanced
high power laser technology, with two high energy
(megawatt-class) testbeds (i.e. the MIRACL laser
atthe White Sands Missile Range (WSMR) and the
ALPHA laser at the TRW Capistrano Test Site
(CTS)). Use of this advanced technology reduces
the risk of a near-to-mid-term technology demon-
stration. This type of laser was selected for devel-




*  Worldwide Coverage with Baseline Constellation

* Aperture dia 8 meters
* Run time 200 sec
*  Weight 100,000 Ibs
SBL Payload Envelope
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opment severa| years :agq because of the excep- The overaj length of the ORA for the SBL s

tional performance Projections, as Measured by approximately the same ag the overal| length of the
factors such as projected weight and volume per Ipha ORA Howeverthe length ofthe annulargain
unit brightness. generatorinside the ORAis INcreasedby atactor of

The operational HF laser device owes jis de- Was a capability designeqd into the ground-baseq
Sign heritage to the ALPHA laser device, shown in Alpha experiment specifically for scaling to the
Figure 13, The device uses z Cylindrical gain higher powers more usefulfor a space experiment.
9enerator assembly (GGA), to provide efficient Therefore, very little re-design Or re-engineering of
Packaging for SPace-basing. The gajn 9enerator . ORA/GGA is requireq 1o produce the GPALS
consists of a serieg of rings which Surround the laser power requirement.

Central combustor and form converging/diverging

erated to supersonic velocity and Mixed with the i : Thefundamentaltechnol-
Cavity flow. The cylindr ical generator progyces a1 ogy required for the SBL optics ang beam contro|
annular gain region of excited HF molecules, system has been demonstrated on SDIO’s LAMP

and LODE Programs, shown in Figure 14, The

To extract énergy from this Mmedium, the AL- LAMPprogramproduced a4 meterdiameter mirror
PHA uses a High Extraction efficiency, Decen. thatis scalable to >10mdiameterprimarymirrorfor
tered, Annular Ring Resonator (HEX-DARR) con- an SBL. The LAMP mirror is actively controlled with
figurationforthe Opticalresonator assembly (ORA). Ségment and facesheet actuators, and achieves 5
The configuration uses cooled annyiar aspheric static figure of lambda/25 RMS. Other new or
optics, fabricated utilizing a single point diamond innovative featyres include: design using 7-seg-
turning technique. ments; thin facesheet (meniscus); dynamic, high

i
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Figure 13 Laser Scaled from ALPHA

bandwidth actuation with lightweight backup struc-
ture; laser distance Mmeasuring interferometry
(profilometer) for Mmeasuring and matching seg-
ment radii of curvature very accurately. The LAMP
hardware has been completed and tested, meeting

Or exceeding all specifications.

The Large Optics Demonstration Experiment
(LODE) program developed and validated the
scalable beam control technologies required for
large space-based laser systems using a LAMP-
type segmented primary mirror. LODE validated
the concepts of sampling and sensing the outgoing
beam with Holographic Optical Elements (HOEs)
and an outgoing wavefront sensor. Using this
information to correct the beam pointing and the
beam wavefront errors through a hierarchical con-
trol system, the effort culminated in a successful
hardware demonstration at Lockheed. During this
demonstration, the systemwassuocessfullyaligned.
calibrated, and tested over a broad range of ex-
pectedjitter andwavefront disturbances. The LODE
experiment provided a scalable basis for the AL|
experiment, which has further advanced the state
of the art in deformable and fast steering mirrors,
still using the LODE hierarchical control technol-

ogy.

Eeam_&mmm The capability to accurately point

and maintain a laser beam at a distant target was

10

demonstrated bythe Relay Mirror Experiment (RME)
in 1990, (shown in Figure 15). The RME satellite
was launched on a Delta || rocket on February 14,
1990 into a circular orbit of 470 km at an inclination
of 43.1 degrees. During the following 14 months
several experiments were conducted fromtwo sites
on Maui to demonstrate the ability to relay a low
powerlaser beamwith unprecedented accuracy up
toasatellite andbackto a targetonthe ground. The
Sequence of the experiment was first to illuminate
the satellite with a blue orientation beacon from the
Air Force Maui Optical Site (AMOS) followed by a
green orientation beacon from the Kihei Test Site
also on Maui but about 25 km from AMOS. The
satellite then used the orientation beacons to stabi-
lize the relay mirror in a position that bisected the
angle between the two orientation beacons. Once
the mimor was in place an infrared beacon was
directed to the satellite from AMOS and relayed by
the mirror on the RME satellite to a target board at
Kihei. The resuits of RME exceeded all project
goals.

\couistion Tracking and Poining (ATPy

The ATP subsystem provides the capabilities to
acquire and track a target plume, to select an
aimpoint on the target hard body, and to direct and
maintain the high energy beam on the selected
aimpoint. The technology to provide all the ATP




functions from target acquisition through aimpoint
maintenance are being pursued in aset of techno|-

controls, fine tracking, rapid retargeting, fire control
and ATP integration.

11

applications in the coming year under the Solid
State Laser Radar Source (SSLRS) program.

Integrated performance in being pursued in field
tests. Figure 1g depicts imagery from a TFE
(Tracking Field Experiment) that focused on the
tracking of the STARBIRD test booster. This test

was conducted from the Atlantic Laser Ground

~.

Figure 15 Beam Pointing Demostrated with RME




Boost-Phase Acquisition
Tracking and Pointing {ATP

Starbud Experiment
Fertormed Febiuary 1931

Figure 16 Plume to Hardbody Handover Demostrated

data to locate the hardbody position. It is being
developed within the fire control technology base
effort. Other TFEs have been conducted at the
AMOS facility using the Digital Track which was
also developed inthe fine tracking technology base
program.

The current thrust of the field test programs is
to demonstrate the ability to provide all the ATP
functions from target acquisition through aimpoint
selection and maintenance with realistichoostphase
engagements. This will be accomplished with two
high altitude balloon borne experiments: HABE
and KESTRAL. The KESTRAL effort will provide
critical phenomenology and diagnostic data for
active and passive operational boosters. This will
provide for validation or upgrades of current phe-
nomenology and ATP design codes. HABE will

Typical ALPHA | Inner Cone Hex Plate

perform integrated ATP engagements of boosters,
including acquisition, tracking, aimpoint selection,
and stabilization of a simulated high energy laseron
the booster aimpoint for scalable engagement
scenarios, demonstrating performance in the sub
microradian regime. HABE will incorporate many
of the advanced technology components such as
IPSRU and SSLRS as well as fire control algo-
rithms such as Magic Arrow. The balloon programs
will provide several flights per year starting in FY93
to provide conclusive demonstrations of complete
ATP capabilities required for space based DEW.

Results from all the ATP activities noted above
provide inputs to the ongoing Advanced DEW
Acquisition, Pointing and Tracking (ADAPT) pro-
gram. ADAPT is developing full performance

Typical SBL Inner Cone Hex Plate

Figure 17 SBL Etching Has Produced Hex Plates of Unequaled Quality

12




Operationg| System ATP design concepts in jg
Current phase andin later Phases wijj devetop afull
Capability ATp hardware Suite for future Space
based DEw demonstration programs.

mmﬂmmmmm: Significant many.
facturing advancements have been Mmade in the

fabrication of virtually aj Mmajor SBL. Components.
Advancements realized in the fabrication 5 second
Setof Alpha Ccooled anny|ar optics under the SBLO

Manufacture of the uncooled opticg is accom-
plished by first growing a single Crystal silicon
Substrate. Substrates with diameters a5 large as 29
inches have been demonstrated. Substrateg are
then cut from the ingot, ground, etched, Polished to
Very good rms Surface roughness, ang then coateq

13

optic can pe Produced in g to 8 weeks, g major
reduction from the 8 to 12 months requireq for a
cooled mirror design. Cost of the completed un-
Cooledoptic is approximatety 15%ofthe €quivalent
Cooled aptic.

ty : The ability to destroy targets of
interest has been demonstrated since the 1970s
using Chemical lasers baseq on the groung. The
Mid-lnfraRedAdvanced ChemicalLaser(MlRACL},
located ay White Sands, New Mexico, s one the
most powerfy) ofthe ground demonstration lasers.

he R
vehicles,
c | Plan T jon E ,
i : ective of the ALl

: The overaj obj
Program s o demonstrate that the Alpha beam
projected from a LA beam expander can be
Stabilized ang Corrected for higher-orger aberra-
tions using a beam Sampling ang control system
derived from the LODE beam control architectyre.




Figure 18 Uncooled Optic

ion: StarLITEis planned as
ration that inte-

Based Laser system. A layout of the ALl experi- system integration; system calibration and remote
ment is shown in Figure 21. alignment. Completion of the
planned for 1995.

The ALI experiment will address many critical
high energy |aserfunctions, including: beamtrans-
fer; beam cleanup using the deformable mirror; aspace based technology demonst
beam stabilization using & fast steering mirror; grates the technologies requiredf
beam walk control; beam expansion with a seg- chemical laser. The experiment
mented primary mirror; outgoing wavefront sens- Alpha laser technology. the 4 met
ing;boresightingw'rth analignment reference beam; mirror, and the beam control tec

Inflight destruction of supersonic vandal

mis

sile 1989 demonstrates tislded capability

Figure 19 Laser Lethality Has
14

MIRACL Chemical Laser at White Sands Nevw Mexico

Destruction of Titan second stage
119385} verities tethality requuements

Been Demonstrated

ALI experiment is

a space based
is based on the
er LAMP primary
hnologies being
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Figure 29 NLS Launch Vehicle

demonstrated inthe Alpha Capability of 1 998. Figure 22 shows g
program, yincorporatm wed in jts Pre-launch
of lightweight uncooled opticg ig ] ion i Titan 1v shroud.

beam train, Star LITE i i

earlier SBL_ Concepts, F % Theoverausched-
payload element Produces , i u own in Figure 23, It
only one thirg the weight of a simi| i mground demonstration
using cooleg optics. The be tration (Star LITE), to 5
NCorporates 5 SOphisticateq tele n and eployment of an
less than 50% of the optical elem - Initial deployment
Hubble Space Teiescope. - liation of Platforms, which

Ogy advanceg Combined with a
phiiosophy have jeaq toaStarLITE desi i i . Th ioni ightly iargerconstet-
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Figure 22 Star LITE Conceptual Design

lation which extends coverage to latitudes high
enoughto coverlaunchesinthe southernpart of the
former Soviet Union. Finally, a deployment of
several more SBLs would give continuous world-
wide coverage. Decision points occur at the begin-
ning of each major phase of the program. Once pro-
duction is commenced, additional SBL platforms
can be obtained for a relatively low cost, since the
up-front non-recurring costs have already been
paid.

Conclusions

Recently completed analyses show that a
constellation of several SBL platforms employing

16

near-term chemical laser technology provides ex-
tremely effective, continuous world wide defense
against limited strike ballistic missile threat scenar-
ios. In addition, the SBL provides highly effective
defense against threats stressing to other architec-
tures such as low apogee threats and mid-course
threats/counter- measures. The SBL's speed of
light propagation to the target provides missile de-
fense architectures with the capability of intercept-
ing missiles while stillinthe boost phase, effectively
countering these stressing threats.

The required laser weapon platform brightness
for an effective architecture is achievabie within the
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Figure 23 Hypotheticaj SBL Program Schedule

A Decisjon Points: To pe made i the fytyre based
on re considerations

Current State-of-the-ant of HF chemical laser tech- ALl Program, an end-to-eng, high Power test of the
nology. The required laser output power can be Alpha laser integrated with the LAMP Mirror,
Provided by 4 gain generator of the same size ang

Matenials as the recently demonstrateq Alphadevice Finally, HE SBL technology is still rapidly evoly-
by simply scaling the length from 2 Mo6m. The ing. New short wavelength concepts are being
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